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(54) Printer for printing a plurality of images on a substrate web 


(57) The printer comprises: 

a digital printing station (12): 

a support (20) for a roll (22) of the substrate web 

(24) carrying a plurality of synchronisation marks: 

means (28) for continuosly feeding the substrate 

web (24) from the roll (22) past the printing station 

(12): 

a sensing device (32) positioned upstream of the 


printing station (12) for sensing the synchronisation 
marks on the web (24): and 

control means (38) for initiating a printing sequence 
at the printing station (12) in response to the sens- 
ing of each of the synchronisation marks (26, 34, 
36). Thereby a plurality of images are printed on the 
web (24), each at a predetermined location in the 
transport direction relative to an associated one of 
the synchronisation marks (26, 34, 36). 
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Description 

Field of the invention 

This invention relates to a printer for printing a plu- 
rality of images on a substrate web. 


Background to the invention 

It is known to print images, especially variable im- 
ages, on pre-printed stock. For example, United States 
patent US 3858777 (Rodek / Xerox Corporation) de- 
scribes an apparatus for printing prerecorded informa- 
tion on a pre-printed web. The image carried on the pre- 
printed web may be, for example business forms, it be- 
ing necessary to print the variable data in registration 
with the layout of the forms. The web carries uniformly 
spaced marks which are detected by a sensor as the 
web is unwound from a roll. By detection of the marks, 
the displacement of the web can be determined. Varia- 
ble information to be printed on the web, is carried on a 
film strip. The speed of the film strip through an exposure 
device can be adjusted to match the determined speed 
of the web. 

The printer described by Rodek operates on the ba- 
sis of the substrate web moving at a nominally" constant 
speed and of the provision of uniformly spaced marks 
on the web. In practice, the requirements may be difficult 
to meet accurately. Variations in operating conditions or 
in the condition of the web, may result in minor variations 
in the web speed. Furthermore, after the substrate web 
has been pre-printed, it is rolled and stored prior to use, 
during which some dimensional changes in the web, 
such as stretching and relaxing, may occur. The result 
of this is that marks pre-printed on the web may no long- 
er be equally spaced. Furthermore, it may well be de- 
sirable to pre-print images of different lengths, with the 
result that the use of uniformly spaced marks on the web 
is no longer appropriate. The printer described by Rodek 
also has the disadvantage that, should any change in 
web speed be made, a correction in the timing of the 
exposure is made at a point which may be located in the 
middle of an image. An image carrying such a interme- 
diate correction is undesirable. 

United States patent US 531 5323 (Ohshima et at. / 
Ricoh Company Ltd.) describes a colour image forming 
apparatus for forming an image on a paper web by sens- 
ing a register mark formed on the paper by a writing 
head. The distance between the register mark and the 
sensor and the distance between the writing head and 
the paper web are kept constant. This arrangement is 
not suitable for the printing of pre-printed stock. 

European patent application EP 624477 (Canon K 
K) describes a method in which an image including a 
mark is printed on a substrate by screen printing. An- 
other image is then printed on the substrate by ink-jet 
printing on the basis of the detection of the pre-printed 
mark. The mark detector is mounted on the ink jet print- 


ing head. The substrate is fed past the ink jet printing 
head in a step-wise manner, the mark detector being 
moved laterally into a parking position as printing con- 
tinues. This arrangement does not allow for the printing 
5 of an image to be initiated at a position other than at the 
location of the mark. Furthermore, the use of step-wise 
transport of the substrate is to be avoided for high quality 
high speed print work. 

10 OBJECTS OF THE INVENTION 

It is an object of the present invention to provide a 
printer for the printing of variable data on a pre-printed 
substrate web in which these disadvantages can be 
is overcome. More particularly, it is an object of the present 
invention to provide such a printer in which any correc- 
tion in the timing of the printing sequence is made be- 
tween images, and in response to the detection of a sin- 
gle mark carried on the substrate web, the mark being 
20 associated in terms of position reference with the image 
to be printed. 


SUMMARY OF THE INVENTION 

25 We have discovered that these objectives, and oth- 
er useful advantages, may be obtained where the printer 
includes a digital printing station and a printing se- 
quence is initiated at the printing station in response to 
the sensing of each of a plurality of synchronisation 

30 marks. 

According to a first aspect of the invention there is 
provided a printer for printing a plurality of images on a 
substrate web carrying a plurality of synchronisation 
marks, the printer comprising: 

35 

a digital printing station; 
a support for a roll of the substrate web; 
- means for continuously feeding the substrate web 
from the roil past the printing station: 
40 - a sensing device positioned upstream of the print- 
ing station for sensing the synchronisation marks 
on the web: and 

control means for initiating a printing sequence at 
the printing station in response to the sensing of 
45 each of the synchronisation marks, whereby a plu- 
rality of images are printed on the web, each at a 
predetermined location in the transport direction rel- 
ative to an associated one of the synchronisation 
marks. 

50 

According to a second aspect of the invention, there 
is provided a method for printing a plurality of images 
on a substrate web carrying a plurality of synchronisa- 
tion marks, the method comprising: 

55 

- continuously feeding the substrate web from a roll 
past a printing station; 

sensing the synchronisation marks on the web de- 
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vice at a position upstream of the printing station; 
and 

initiating a printing sequence at the printing station 
in response to the sensing of each of the synchro- 
nisation marks, whereby a plurality of images are 
printed on the web, each at a predetermined loca- 
tion in the transport direction relative to an associ- 
ated one of the synchronisation marks. 

The printer will usually further comprise means 
such as an encoder for generating signais indicative of 
web displacement, the control means being adapted to 
act in response to such web displacement signals. In 
this manner, the control device operates independently 
of the web speed, and is in particular insensitive to var- 
iations in the web speed. 

The printer may further comprise a cutting device 
positioned downstream of the printing station, for cutting 
the web into sheets, each cut sheet carrying an image 
and its associated synchronisation mark. The cutting 
device is controlled by the control device to cut the web 
at a predetermined location in the transport direction rel- 
ative to an associated one of the synchronisation marks. 

The sensing device is preferably sensitive to pre- 
printed synchronisation marks on the substrate web, 
watermarks in the substrate web, and/or disconformities 
in the substrate web. For example, the sensing device 
is sensitive to pre-printed synchronisation marks distin- 
guishable in the visible spectrum. The preferred longi- 
tudinal dimension (direction of web movement) of each 
synchronisation mark depends upon the expected web 
speed, and is, for example, at least 0.6 mm. typically 
from 1 .00 mm to 4.00 mm, at a web speed of about 1 20 
mm/sec. A lateral dimension of at least 10 mm should 
be sufficient to allow for variations in cross-web align- 
ment. At a web speed of about 1 20 mm/sec. the spacing 
between consecutive marks should be at least 0.6 mm. 
When a visible pre-printed mark is used, this may be of 
any colour, but a yellow mark on a white substrate is 
best avoided since it is more difficult to detect with con- 
ventional sensors, than other colours. The synchronisa- 
tion mark may be located in a margin, i.e. to one side of 
the image to be printed, between adjacent pages, within 
the area to be occupied by the image, or even as part 
of the image. The latter will more usually be the case 
when the synchronisation mark is a watermark or a dis- 
conformity in the substrate web. A reflective optical sen- 
sor is suitable for detecting synchronisation marks in the 
form of printed marks or punched holes, whereas a 
transmissive optica! sensor is suitable for detecting wa- 
termarks, security items within the substrate web or die- 
cuts. A non-optical sensor can be used to detect non- 
conformities in the substrate web. 

The sensor may be adapted to distinguish the syn- 
chronisation marks from other marks on the substrate 
web. Thus the sensor may be an intelligent sensor ca- 
pable of recognising synchronisation marks of a prede- 
termined shape and distinguishing these from other 


marks which may occur on the web. This is important 
where the substrate web is pre-printed, for example with 
a form layout, and the synchronisation mark is to be lo- 
cated other than in a otherwise empty margin. The in- 
5 telligence may be incorporated in the sensor itself, or in 
the control device. 

The images may be variable images to be printed 
in a predetermined sequence, the printing of each image 
at the printing station being initiated by the sensing of 
w an associated synchronisation mark on the substrate 
web. Ideally, the printing of each image at the printing 
station is initiated only by the sensing of an associated 
synchronisation mark on the substrate web, whereby 
failure to sense an expected synchronisation mark on 
is the substrate web results in failure to initiate the printing 
of an image at the printing station. Alternatively, failure 
to sense an expected synchronisation mark on the sub- 
strate web may result in the initiation of the printing of 
an image at said printing station, albeit based on an ex- 
20 trapolated position calculated from the position of earlier 
sensed synchronisation marks and their running aver- 
age inter-distance. 

The sensor will usually be located in a fixed position. 
By this arrangement it is possible to sense synchroni- 
25 sation marks associated with the start of a second page, 
while a first page is still printing. This is in contrast to 
arrangements such as described in EP 624477 (Canon 
K K) where a mark detector moves laterally into a park- 
ing position as printing continues. ■'♦ 
30 One or more further printing stations may be pro- 
vided, the feed means feeding the substrate web past 
each printing station in turn, enabling multi-colour imag- 
es to printed on the web substrate. In this embodiment, 
register control means may be provided for initiating a 
35 printing sequence at each printing station other than the 
first, in response to the start of printing at the first printing 
station, making use of web-displacement measure- 
ment, thereby enabling multi-colour images to be print- 
ed in register with each other. 
40 The method according to the invention may be used 
for the printing of identity documents, wherein the web 
substrate carries watermarks or security marks such as 
finely detailed images in at least one colour, and the 
printed images comprise variable data such as alpha- 
45 numeric data and multi-colour pictorial images. Other 
product examples include form printing, the printing of 
pre-die cut labels, flyers and direct mail documents car- 
rying glued areas or perfume strips. 

The invention will now be described in further detail, 
50 purely by way of example, with reference to the accom- 
panying drawings, in which: 

Figure 1 is a schematic illustration of a printer ac- 
cording to the invention; 

55 

Figure 2 shows part of a substrate web carrying syn- 
chronisation marks of various forms: and 
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Figure 3 illustrates the principle of distinguishing be- 
tween synchronisation marks on the web and image 
data. 

As shown in Figure 1, the printer 10 comprises a 
plurality of digital printing stations 12, 14, 16. 18. Each 
printing station comprises a rotatable drum having pho- 
tosensitive surface, an exposure device for image-wise 
exposing the photosensitive surface, a development 
unit to form a toner image, a transfer device for trans- 
ferring the toner image to the substrate web, a cleaning 
device for removing excess toner form the photosensi- 
tive surface and a charging device for preparing the pho- 
tosensitive surface for further exposure. Such a con- 
struction of the printing stations is conventional and is, 
for example, as described in United States patent No. 
US 5499093 (Aerens et al. assigned to Xeikon NV), and 
is not therefore shown in detail. The exposure devices 
are however indicated at 13 5 15. 17, 19. It will be appre- 
ciated that the timing of the operation of an exposure 
device determines the timing of image printing at that 
printing station, as described in US 5499093. 

A support 20 for a roll 22 of a substrate web 24. The 
web 24 carries a plurality of synchronisation marks (see 
Figure 2). A pair of co-operating drive rollers 28 contin- 
uously feed the substrate web 24 past each printing sta- 
tion in turn, enabling multi-colour images to printed on 
the substrate web 24. A brake (not shown) acting on the 
roll 22. ensures that the web is under tension as it pass- 
es the printing stations. The substrate path through the 
printer is defined by a number of guide rollers 29. 

A sensing device 32 is positioned in a stationary po- 
sition upstream in the transport direction of the first print- 
ing station 1 2 for sensing the synchronisation marks 26 
on the web 24. The nature of the sensing device 32 is 
determined according to the nature of the synchronisa- 
tion marks on the substrate web. A suitable sensing de- 
vice is a reflective optical sensing device such as the 
KEYENCE FU-35FA sensor, with an F-2HA lens and an 
FS2-65 amplifier. 

A control device 38, for example in the form of a 
microprocessor, is provided for initiating a printing se- 
quence at the first printing station 12 in response to the 
sensing of each of the synchronisation marks. The im- 
ages are, for example, variable images to be printed in 
a predetermined sequence, the printing of each image 
at the first printing station 1 2 being initiated by the sens- 
ing of an associated synchronisation mark 26 on the 
substrate web 24. Except in the case where the distance 
between the sensor and the point of printing on the web 
is the same as the distance between the exposure de- 
vice and the point of printing on the web. it is necessary 
to provide means for generating signals indicative of 
web displacement. In the illustrated embodiment, an en- 
coder device 37, associated for example with the first 
printing station 1 2, is provided to provide output signals 
to the control device 38 indicative of web displacement. 
Since the printing of each image at the first printing 


station 12 is initiated only by the sensing of an associ- 
ated synchronisation mark on the substrate web 24, fail- 
ure to sense an expected synchronisation mark on the 
substrate web 24 results in failure to initiate the printing 

s of an image at the printing station. The control device 
38 also includes means to determine that a synchroni- 
sation mark is missing from within a pre-selectable 
range wherein normally a mark is to be expected. Where 
such a mark is missing, a printing sequence is optionally 

10 initiated, albeit based on an extrapolated position calcu- 
lated from the position of earlier marks and their running 
average inter-distance. Thus any irregularity in the pre- 
printing of the substrate web 24 is overcome. 

The printer shown in Figure 1 operates as follows. 

is As the substrate web 24 is drawn off the roll 22, a syn- 
chronisation mark thereon eventually passes the sensor 
32 and is detected thereby. The control device 38 re- 
ceives a signai from the sensor 32 that a synchronisa- 
tion mark has been detected. After a given distance of 

20 web travel, the control device sends a signal to the ex- 
posure device 1 3 of the first printing station 1 2, to initiate 
a printing sequence. The given distance of web travel 
between receiving the signal from the sensor 32 and in- 
itiating the printing sequence at printing station 1 2 is pre- 

25 calibrated to take account of: 

the web path distance from the sensor 32 to the first 
printing station 12; 

30 - the distance travelled by the web after the initiation 
of the printing sequence before the first printing sta- 
tion 12 causes an image to be formed on the web 
24: and the desired longitudinal displacement be- 
tween the position of the synchronisation mark and 

35 the start of the image. 

When a second synchronisation mark is detected 
by the sensor 32, the control device 38 initiates a second 
printing sequence, and so on. The spacing of the syn- 
40 chronisation marks on the web 24 and the lengths of the 
images to be printed at the printing station 12. need not 
be regular, since each image is associated with a spe- 
cific synchronisation mark. In this manner a plurality of 
images are printed on the web 24, each at a predeter- 
45 mined location in the transport direction relative to an 
associated one of the synchronisation marks 26. 

The further printing stations 14, 16 and 18 enable 
multi-colour images to be printed. Register control 
means 30 are provided for initiating a printing sequence 
so at each of these further printing stations, in response to 
the start of printing at the first printing station 1 2, making 
use of web displacement measurements thereby ena- 
bling multi-colour images to be printed in register with 
each other. If no printing sequence is initiated at the first 
55 printing station 1 2, no images are printed by the further 
printing stations 14, 16, 18. 

After passing the last printing station 18, the web 
passes a toner image fixing station 39 where the images 
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are rendered permanent on the substrate web 24. The 
web then passes to a cutting device 40 for cutting the 
web 24 into sheets 42, each cut sheet carrying an image 
and its associated synchronisation mark. The cutting 
device is controlled by the control device 38 to cut the 5 
web at a predetermined location in the transport direc- 
tion relative to an associated one of the synchronisation 
marks 26. 

The printer 10 may be used for the printing of iden- 
tity documents, wherein the substrate web 24 carries se- io 
curity data for example in monochrome, and the printed 
images comprise variable multi-colour pictorial images. 

As shown in Figure 2, the synchronisation marks on 
the substrate web 24 may take the form of pre-printed 
synchronisation marks 26 distinguishable in the visible 15 
spectrum, watermarks 34 formed in the substrate web, 
or disconformities.such as metal strips 36 incorporated 
in the substrate web 24. Figure 2 shows, as an example, 
a portion of substrate web 24 approaching the printer 
10. The substrate web is pre-printed with an image 20 
shown diagrammatically at 44. In the case of printing s 
identity cards for example, this may be made up of finely 
detailed images or alpha-numeric data. The substrate 
passes through the printer 10, where a multi-colour fur- 
ther image shown diagrammatically at 46 is printed, and 25 
the web is cut into a sheet 42 of desired length. The 
newly printed image 46 may be for example a pictorial 
image of the person to whom the identity card is to apply. 
The image 46 has been printed at a predetermined lo- 
cation in the transport direction relative to the pre-print- so 
ed image 44. The printed sheet 42 thus carries both im- 
ages 44, 46 and the synchronisation mark 26. In the il- 
lustrated example, the synchronisation mark 26 lies in 
a margin to the image area. This has the advantage that, 
if desired, such synchronisation marks may be removed 35 
by subsequently trimming the sheet. Printed sheets car- 
rying watermarks 34 or metal strips 36, will usually retain 
these features within the image area. This can be desir- 
able for security reasons. 

The printer according to the invention may be *o 
adapted for duplex printing (i.e. printing on both faces 
of the substrate web), for example by the provision of 
further printing stations located on the opposite side of 
the web, such as in replacement for the guide rollers 29. 

Referring to Figure 3, the sensor may be an intelli- 45 
gent sensor capable of recognising synchronisation 
marks of a predetermined shape and distinguishing 
these from other marks which may occur on the web. In 
this case the web 24 carries synchronisation marks 26 
which lie with in the image area, which area also includes so 
a pre-printed image 44. or may be part of the image. The 
sensor is able to distinguish the synchronisation marks 
from the image 44, by being programmed to apply the 
following criteria. Firstly, the synchronisation marks 26 
must have a length in the web travelling direction falling ss 
within a configurable range. Secondly, the optical den- 
sity of the synchronisation marks 26 must fall within a 
predetermined range relative to the un-printed sub- 


strate. The synchronisation marks 26 must be preceded 
and followed by blank areas 48, 49 of a configurable 
length. Furthermore, the sensor may be programmed to 
ignore any marks occurring on the web within a prede- 
termined length range following a detected synchroni- 
sation mark. By application of these criteria, the syn- 
chronisation marks 26 may be distinguished from pre- 
printed images 44. 

A number of synchronisation marks of different con- 
figurations may be used in combination, the sensor in- 
telligence being adapted to detect the sequence of such 
marks. 


Claims 

1 . A printer for printing a plurality of images on a sub- 
strate web (24) carrying a plurality of synchronisa- 
tion marks (26, 34, 36), said printer comprising: 

a digital printing station (12); 

a support (20) for a roll (22) of said substrate 

web (24); 

means (28) for continuosly feeding said sub- 
strate web (24) from said roll (22) past said 
printing station (12); 

a sensing device (32) positioned upstream of 
said printing station (12) for sensing said syn- 
chronisation marks (26, 34, 36) on said web 
(24); and 

control means (38) for initiating a printing se- 
quence at said printing station^ 2) in response 
to the sensing of each of said Synchronisation 
marks (26, 34, 36), whereby a plurality of imag- 
es are printed on said web (24), each at a pre- 
determined location in the transport direction 
relative to an associated one of said synchro- 
nisation marks (26, 34, 36). 

2. A printer according to claim 1, further comprising 
means (37) for generating signals indicative of web 
displacement, said control means (38) being adapt- 
ed to act in response to said web displacement sig- 
nals. 

3. A printer according to claim 1 or 2, wherein said 
sensing device (32) is sensitive to pre-printed syn- 
chronisation marks (26) on said substrate web (24), 
watermarks (34) in said substrate web (24), and/or 
disconformities (36) in said substrate web (24). 

4. A printer according to claim 3, wherein said sensing 
device (32) is sensitive to synchronisation marks 
(26) distinguishable in the visible spectrum. 

5. A printer according to any preceding claim, wherein 
said sensing device is adapted to distinguish said 
synchronisation marks from other marks on said 
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substrate web. 

6. A printer according to any preceding claim, further 
comprising a cutting device (40) positioned down- 
stream of said printing station (12), for cutting said 
web (24) into sheets (42), each cut sheet carrying 
an image and its associated synchronisation mark, 
said cutting device (40) being controlled by the con- 
trol device (38) to cut said web at a predetermined 
location in the. transport direction relative to an as- 
sociated one of the synchronisation marks (26). 

7. A printer according to any preceding claim, wherein 
one or more further printing stations (14.. 16, 18) are 
provided and said feed means (28) feeds said sub- 
strate web (24) past each further printing station 
(14, 16, 18) in turn, enabling multi-colour images to 
printed on said substrate web (24). 

8. A printer according to claim 7, further comprising 
register control means (30) for initiating a printing 
sequence at each further printing station (12, 14. 
16, 18), said register control means (30) being re- 
sponsive to the start of printing at the first printing 
station (12), thereby enabling multi-colour images 
to be printed in register with each other. 

9. A method for printing a plurality of images on a sub- 
strate web (24) carrying a plurality ot synchronisa- 
tion marks (26, 34, 36), said method comprising: 

continuously feeding said substrate web (24) 
from a roll (22) past a printing station (12): 
sensing said synchronisation marks (26 : 34, 
36) on said web (24) at a position upstream of 
said printing station (12): and 
initiating a printing sequence at said printing 
station (12) in response to the sensing of each 
of said synchronisation marks (26, 34, 36), 
whereby a plurality of images are printed on 
said web (24), each at a predetermined location 
in the transport direction relative to an associ- 
ated one of said synchronisation marks (26. 34, 
36). 

10. A method according to claim 9, further comprising 
generating signals indicative of web displacement 
and initiating a printing sequence at said printing 
station (12) in response to said web displacement 
signals. 

11. A method according to claim 9 or 10, wherein said 
images are variable images to be printed in a pre- 
determined sequence, the printing of each image at 
said printing station (12) being initiated by the sens- 
ing of an associated synchronisation mark on said 
substrate web (24). 


12. A method according to claim 1 1 , wherein the print- 
ing of each image at said printing station (1 2) is in- 
itiated only by the sensing of an associated syn- 
chronisation mark (26, 34, 36) on said substrate 
s web (24), whereby failure to sense an expected 

synchronisation mark (26, 34, 36) on said substrate 
web (24) results in failure to initiate the printing of 
an image at said printing station (12). 

to 13. A method according to claim 11, whereby failure to 
sense an expected synchronisation mark (26, 34, 
36) on said substrate web (24) results in the initia- 
tion of the printing of an image at said printing sta- 
tion (1 2) based on an extrapolated position calcu- 

15 lated from the position of earlier sensed synchroni- 
sation marks and their running average inter-dis- 
tance. 

14. A method according to claim 9, for the printing of 
20 identity documents, wherein said substrate web 
(24) carries security images in at least one colour, 
and said printed images comprise variable alpha- 
numeric and/or multi-colour pictorial images. 

25 
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